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Abstract  
Purpose - This paper identifies costs related to dementia care provision and explores 
how purposeful built environment investments can help control these costs and 
improve Quality of Life and clinical outcomes.  
Design/methodology/approach - This research adopts a multi-method approach 
where the findings of a literature review drove the analysis of data obtained from the 
115 pilot projects funded by the Department of Health England’s National Dementia 
Capital Investment Programme. 
Findings - Under the UK government’s new productivity challenge, it is fundamental 
to identify actions that provide Value for Money in order to prioritise policy and 
practice. This paper identifies healthcare spaces (e.g. bathroom) where the impact of 
the built environment on healthcare costs are most evident, and building elements (e.g. 
lighting) to which these costs can be directly associated. The paper advocates the 
development of evidence and decision support tools capable of: linking built 
environment interventions to the healthcare costs; and helping the health and social 
care sectors to develop effective and efficient capital investment strategies.  
Research limitations/implications - Further work needs to develop more systematic 
ways of rationalising pro-active and timely built environment interventions capable of 
mitigating dementia (and elderly) care cost escalation. 
Originality/value - This research takes an innovative view on capital investment for 
care environments and suggests that appropriate built environment interventions can 
have a profound impact on costs associated with dementia care provision. 
Keywords - Built environment; care provision; costs; dementia; dementia-friendly; 
healthcare; Quality of Life; social care; Value for Money.  
Paper type - Research paper 
Introduction 
Ageing populations worldwide 
The World Health Organisation (WHO) reported that people aged over 65 or above 
will account for 1.5 billion of the world’s population by 2050; rising from 524 million 
in 2010 (WHO - National Institute on Aging - National Institutes of Health, 2011). In 
the past two decades, the number of people in the EU aged over 65 years increased by 
3.6 per cent (Giannakouris, 2010). In 2012, people aged 65 years and above 
accounted for 17.8 per cent of the 27 EU Member States population (Robustillo et al., 
2013), and was projected to increase to: 23.5 per cent by 2030; and 29.5 per cent by 
2060 (Giannakouris, 2010). If fertility rates, mortality rates and levels of net 
migration keep convergent trajectories, the population of the 28 current EU Member 
States will remain with the highest old age dependency ratio in 2060 with a rise of 
between 20 and 25 per cent, compared to the world population which will remain 
below 14 per cent (European Commission and Economic Policy Committee, 2014). 
Ageing populations bring together a series of implications and co-morbidities: non-
communicable diseases; elderly related impairments; and long-term care (CSDH, 
2008) requirements for people with reduced functional, physical or cognitive 
impairments (European Commission and Economic Policy Committee, 2014).  
Increased dementia prevalence worldwide and in the UK 
Dementia is “a syndrome due to disease of the brain, usually of a chronic or 
progressive nature, in which there is disturbance of multiple higher cortical functions, 
including memory, thinking, orientation, comprehension, calculation, learning 
capacity, language and judgement. Consciousness is not clouded. The impairments of 
cognitive function are commonly accompanied, and occasionally preceded, by 
deterioration in emotional control, social behaviour and motivation” (WHO, 2004). 
“Conditions associated with dementia are typically progressive, degenerative and 
irreversible, for which there is currently no cure” (Access Economics Pty Limited, 
2009). There are several types of dementia which have differentiating symptoms and 
rates of progression. People living with dementia may: lose their inhibitions; find 
social situations challenging; lose interest in socialising and their usual activities; 
become apathetic; have difficulty finding the right words and objects; and present loss 
of personhood and a reduced perception of time and space.  
“Globally, it is estimated that 24.3 million people have dementia, with 4.6 million 
new cases of dementia being diagnosed every year. The numbers of people affected 
will double every 20 years to 81.1 million by 2040” (Fleming and Purandare, 2010). 
With nearly 7.7 million new cases each year worldwide (WHO, 2012), and higher 
prevalence in developing countries expected to reach 71 per cent in 2040  (Ferri et al., 
2005), dementia has become of increasing concern to many countries. 
In the UK, “dementia presents a huge challenge to society, both now and 
increasingly in the future” (Department of Health, 2009). In 2011, an estimated 
750,000 people were living with dementia in the UK, however, the Health Foundation 
report (Matrix Evidence, 2011) suggested that “the true figure could be three times as 
high, compared with almost 669,000 aged over 65”, due to continued failure to 
correctly and timely diagnose people with dementia. In 2015 there were 
approximately 850,000 people with dementia and over 1 million people are expected 
living with dementia in the UK by 2025 and over 2 million by 2051 (Alzheimer’s 
Society, 2014; Ray and Davidson, 2014). 
Financial pressures on the health and social care built environment in the UK 
“Given the demographic implications of ageing and the expected increase of the 
number of people with dementia, the provision of care environments which meet their 
needs becomes critical” (Hadjri et al., 2012). The healthcare sector is coming under 
increased pressure to deal with this challenge (Appleby et al., 2010; Appleby et al., 
2014), and the sustainability of future investments needs to be based on tangible 
evidence of how purpose-built environments can provide best Value for Money 
(VfM).  
The situation is made worse by the fact that, 17 per cent of the current National 
Health Service (NHS) England’s built infrastructure is outdated, no longer fit for 
purpose and reported “not functionally suitable” (Department of Health, 2010). The 
inadequate buildings can determine unacceptable risks for and cause further harm to 
patients, staff and visitors, as outlined in the Mid Staffordshire NHS Foundation Trust 
Public Inquiry (Francis, 2013). Mills et al. (2015) provided evidence of investments 
needed to maintain critical backlog1 maintenance levels, which can affect levels of 
safety, thus adding further pressures on the system.    
                                            
1 Critical backlog is the total backlog cost relating to significant and high risk sub-elements for the 
building/block (NHS Estates 2004. A risk-based methodology for establishing and managing backlog 
London: The Stationery Office.) 
In the UK, NHS expenditure has rapidly increased from £11.4 billion in 1948, 
when the NHS was created, to £121 billion in 2010/11 (Harker, 2012). “Growth in 
healthcare has far outpaced the rise in both gross domestic product (GDP) and total 
public expenditure: each increased by a factor of around 4.8 per cent over this period” 
(Harker, 2012). The average rate of spend (capital and operating)2 on UK NHS has 
risen by average 3.7 per cent in real terms since 1948 (Lafond, 2015). The overall 
figure of £822 million (i.e. £349 million for 130 Foundation Trusts, and £473 million 
for other NHS Trusts) annual deficit (Monitor, 2015) drives the need for innovative 
solutions that can improve productivity and capital investments.  
Aim and objectives of the paper 
This paper aims to explore the costs associated with dementia care provision and 
advocates strategies to mitigate the existing gaps to make care environments more 
dementia-friendly thereby improving the Quality of Life (QoL) for people living with 
dementia whilst reducing the associated cost of care provision.  
This paper: 1) reviews dementia care provision direct and indirect costs; 2) 
explores how the built environment can affect these costs; and 3) reviews the 
available tools developed to support and monitor the effectiveness of dementia care 
environments. 
Methodology  
Figure 1 describes the multi-method research methodology adopted, in which the 
findings of (1) a literature review which drove the analysis of (2) the 115 pilot 
projects funded by 2013/14 DH England’s National Dementia Capital Investment 
Programme (NDCIP) (Price et al., 2015), during which the authors monitored the 
progress and the impact of the projects, analysed the data and reported to DH. This 
approach has been adopted to provide a contextualisation of the problem and 
explanation of how it has been addressed. 
The review (1) gathered evidence from multiple international sources, including 
research papers, reports, government and non-governmental codes, with the intention 
to provide consistency to the expected outcomes (Walsh and Downe, 2005; Weed, 
2005). The research question of how the built environment can be designed and built 
to mitigate escalating costs of dementia care provision has been addressed via three 
main areas, around which literature was collected and organised: a) the costs of 
dementia care provision; b) the impact of the built environment on dementia care 
outcomes; and c) the available tools to support, monitor and measure dementia care 
environments. As proposed by Noblit & Hare (1988), the interpretation of the sources 
within each area helped to identify, evaluate and integrate key elements that were then 
analysed and rationalised into gaps and issues that could potentially improve 
understanding and offer solutions. NVivo© software was used to code the data 
sources and analyse the existing gaps.  
The NDCIP (2) offered the unique opportunity to explore the link between the built 
environment and dementia costs. The results from the literature review were enriched 
by analysis of primary data collected during the NDCIP related to the built 
                                            
2 The Private Finance Initiative (PFI) introduced in 1997, despite reducing the capital spending, has 
increased the long-term commitment to operating costs, with PFI contracts increasing by 48 per cent in 
real terms between 2009/10 and 2013/14 (Lafond, S. 2015. Current NHS spending in England. London, 
UK: The Health Foundation.)    
environment interventions and their costs, thus providing evidence of how funds were 
spent. Primary data from the 115 pilot projects included: a) types of settings, spaces 
and components of the built environment as reported in their initial applications; and 
b) the costs of the interventions, reported in their final individual reports. A statistical 
analysis was conducted in MS Excel© to identify percentage of: the space types as in 
Figure 2a and 2b; the building components as in Figure 3a and 3b; and the awarded 
sum spent on building components as in Figure 5.  
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Figure 1. Research methodology 
 
The costs of dementia care provision  
Dementia care provision: financial pressures and cost assessment  
The cost of dementia care worldwide is around $600 billion (WHO, 2012; 
Department of Health, 2013). Current estimates are that the cost in the UK is £26.3 
billion a year, of which only £4.3 billion are directly related to healthcare: £10.3 
billion accounts for social care expenditure and £11.6 billion are estimated for the 
work of unpaid carers (Alzheimer’s Society, 2014).  
Assessments of dementia care costs are subject to diagnoses of: the condition; type 
and level of dementia; type of care provided; and setting in which the care is provided 
(Schaller et al., 2015). Langa et al. (2001) demonstrated how the costs associated with 
informal care sharply increase as cognitive impairment worsen. Wimo et al. (2007) 
estimated the worldwide societal costs of dementia in 2005 to be $315.4 billion for a 
dementia population of 29.3 million people, including direct medical and non-medical 
costs and informal care, which accounted for 33 per cent of the overall figure. Indirect 
costs are exceptionally difficult to quantify as there is no systematic definition 
adopted. Furthermore, as many people live with dementia in a variety of 
public/private and clinical/residential settings, the complexity associated with 
gathering comprehensive information increases (Wanless, 2006). At present there is 
no alike set of principles nor a shared approach to determine the costs of dementia 
care, which affects the quality of the existing data (Wimo et al., 2011; Schaller et al., 
2015).  
Consequently, multiple types of classification can be explored and applied. In this 
paper, dementia costs have been grouped by a hierarchical clustering method 
(Milligan and Cooper, 1987) as: direct health care; direct social care; and indirect 
costs (see Figure 2).  
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Figure 2. Clustering costs related to dementia care 
 
Direct health care costs 
Older people occupy up to 70 per cent of acute hospital beds and up to 50 per cent 
may be people with cognitive impairments, including dementia (Department of Health, 
2009). An estimated 25 per cent of hospital beds are occupied by people living with 
dementia (Alzheimer’s Society, 2009) and account for ‘hospital care’ (Department of 
Health, 2013). For many people living with dementia, hospitals remain a challenging 
environment, where they have worse outcomes in terms of Length of Stay (LoS), 
mortality and institutionalisation than people who do not (Alzheimer’s Society, 2009). 
Direct health care costs account for all expenditure directly related to the healthcare 
provided to dementia patients in acute settings: costs associated with dementia 
diagnosis and treatment include the cost of hospital staff, drugs and medications, and 
hospital care, to which additional costs related to events such admissions/re-
admissions, visits to clinics and GPs, and access to Emergency Departments (EDs) 
supplement. UK dementia direct health care costs were estimated to be £8 billion a 
year (Matrix Evidence, 2011). Table 1 summarises the available evidence on some of 
these costs.  
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Table 1. Estimated dementia direct medical cost care provision 
 
Incidence rates for falls are two to three times higher in hospitals and nursing 
homes compared to community settings (Skelton and Todd, 2005). Hospital 
admissions due to falls significant impact direct health care costs and LoS of patients 
with dementia (Mitchell and Bateman, 2012). Patients who have fallen once are at a 
higher risk of falling again (Myers, 2003; Oliver et al., 2004; Skelton and Todd, 2005) 
and over 200,000 people per year are admitted to hospital for treatment after a fall 
(National Institute for Health and Clinical Excellence, 2004). During 2004-05, there 
were over 46,000 admissions for fractured neck of femur alone (Hospital Episodes 
Statistics, 2005) and patients with dementia are more likely than those without to 
require hospital admission (Hubbard et al., 2004).   
For people living with dementia, the average LoS after a hip fracture was 43 days, 
compared to 26 days for patients who were psychiatrically well. Chen, Liu et al. 
(2010) confirmed the relationship between: cognitive impairment and the mental state 
of dementia patients; and number of falls in tertiary healthcare settings. The 
Alzheimer’s Society (2009) reported that 25-35 per cent of patients with dementia 
admitted due to consequences of falls remained in hospital for over one month. An 
additional 4.2 million inpatient bed-days were for other problems of people living 
with dementia (as a secondary diagnosis) compared to estimated 1.5 million bed-days 
for dementia itself (Matrix Evidence, 2011).  
The Alzheimer’s Society (2009) stated that, by reducing the LoS of people with 
dementia in hospital by a week, the NHS could save £80 million a year for just four 
common conditions. Furthermore, in nursing homes, residents with dementia were 
nearly twice as likely to fall as those without dementia even when other important risk 
factors were controlled. They also had significantly more injurious fall rates. (Van 
Doorn et al., 2003). 
In 2014 around £85 million were spent on diagnosis in the UK (Alzheimer’s 
Society, 2014). Incorrect and late diagnosis of people with dementia results in an 
increase in health care costs, due to subsequent and repeated diagnostic examinations 
(e.g. patient travel time; staff working hours; use and maintenance of equipment; 
examination material; and drugs).  
Five per cent of total costs related to dementia are estimated for medication costs, 
to which inappropriate use of antipsychotic drugs added to (Matrix Evidence, 2011).  
Hospital staff costs have been affected in recent years by a rise in the number of 
bank and agency staff employed often associated with high staff turnover rates due to 
the challenge of managing the needs of people living with dementia. NHS spending 
on temporary staff increased by an average 9 per cent a year between 2009/10 and 
2013/14, as opposed to an average 4 per cent a year for permanent staff (Lafond, 
2015). In the effort to put in place specific dementia awareness training for the entire 
NHS staff by 2018, additional costs were added onto the system.    
Visits to General Practitioners (GPs) and clinics are clustered in direct health care 
costs as older people with dementia frequently have other diseases and medical 
problems that require prescriptions and treatment. In 2008, there were 7 million GP 
consultations for people living with dementia, half of which were home visits. Almost 
300,000 were visits to EDs and 490,000 were outpatient consultations for people with 
dementia.  
Direct social care costs 
The Alzheimer’s Society (2014) estimated 38 per cent of people with dementia in the 
UK live in care homes (i.e. 180,500 people are living in residential care and 131,200 
in nursing care). Most social services costs for people living with dementia in England 
can be clustered as: residential care; nursing care; extra-care and home care; with a 
smaller expenditure on other services such as equipment and adaptations or day care 
(Matrix Evidence, 2011; Alzheimer’s Society, 2014). Direct social care costs relate to 
expenditure directly associated with social care provided to dementia residents in 
community settings, and include £4.5 billion care funded by the public sector (i.e. 
17.2 per cent) and £5.8 billion care funded by the private sector (i.e. 22.9 per cent) 
(Alzheimer’s Society, 2014). They include care provided in private homes, residential 
homes and long-term facilities, after acute clinical phases, when people require 
hospitalisation, and when patients need constant daily attention. Approximately two-
thirds of care home residents are estimated to have dementia (Department of Health, 
2013). The direct UK social care costs in 2013 were £10,271 million, which 
corresponds to average £12,584 per person per year (Alzheimer’s Society, 2014). 
Table II offers an indicative summary of the costs per year, which prove to be higher 
in residential settings. 
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Table I1. Estimated dementia direct social care cost provision 
 
The Health Foundation estimated that 40 per cent of total dementia care costs 
related to long-term residential care (Matrix Evidence, 2011). Social services 
expenditure on older people increased to £9.1 billion while non-residential 
expenditure on day/domiciliary services increased to £6.5 billion in 2008-09 (Matrix 
Evidence, 2011). 
Indirect costs 
Most people with dementia live in the community (Brodaty and Donkin, 2009): 
between 70 per cent and 81 per cent in the USA (Alzheimer's Association and 
National Alliance for Caregiving, 2004) and approximately 66 per cent in the UK 
(Alzheimer’s Society, 2013). Support is not only needed by people who experience 
the condition, but also by their families and carers. People acting as the primary carers 
for people living with dementia are estimated to 10 million in the USA (Alzheimer's 
Association, 2007) and over 670,000 in the UK (Alzheimer's Society, 2011).  
On top of direct health and social costs are others which are often not immediately 
evident, such as: indirect costs accounting for events/conditions that occur as a 
consequence of living with dementia; and indirect costs relevant to unpaid care. In 
2014, the Alzheimer’s Society estimated these costs to be 44 per cent of the total cost 
of dementia care. Table III provides a summary of the available estimated indirect 
costs per year. 
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Table III. Estimated dementia indirect care cost provision 
 
It has been estimated that: a total of 512 million hours are spent caring for people 
living with dementia by economically active carers, and 997 million hours from non-
economically active carers; and a person with severe dementia living in the 
community typically requires 46 hours of carer support per week (Matrix Evidence, 
2011).  
In the US in 2012, the 15.4 million families and other unpaid caregivers of people 
with Alzheimer’s disease and other types of dementia provided an estimated 17.5 
billion hours of unpaid care. At an average of 21.9 hours of care per caregiver per 
week, or 1,139 hours of care per caregiver per year, with this care valued at $12.33 
per hour, the estimated economic value of care provided by family and other unpaid 
caregivers of people living with dementia was $216.4 billion (Alzheimer's 
Association, 2013). 
In the UK, the total cost of unpaid care accounts for three-quarters (i.e. 74.9 per 
cent) of the total cost for people with dementia living in the community (Alzheimer’s 
Society, 2014). Matrix Evidence (2011) reported a £270 cost per resident per week for 
unpaid care, with the carer time estimated at the minimum national wage, while the 
Alzheimer’s Society (2014) following a Swedish study estimated the time spent by 
unpaid carers of people living with dementia is 14 per cent of time to assist with 
activities of daily living3 (ADLs), 35 per cent of time with instrumental activities of 
daily living4 (IADLs), and 51 per cent of time on supervision/surveillance.    
Unpaid carers (mostly female family members) provide most of community care 
(Wanless, 2006), which accounts for three-quarters of the total cost (Wanless, 2006; 
Alzheimer’s Society, 2014). However, smaller families, divorce and changing 
expectations may mean a reduced supply of unpaid carers in the future. There is 
evidence that between a half and two-thirds of unpaid carers are either not: receiving a 
carer’s assessment; having the assessment followed up; or having their needs met 
once assessed (Luengo-Fernandez et al., 2010).  
In 2012, the “physical and emotional impact of dementia caregiving” was 
estimated to be $9.1 billion in additional health care costs in the USA (Alzheimer’s 
Association, 2013 ). The physical and psychological health of the caregivers accounts 
for indirect costs as well, as the high demands of people living with dementia affect 
their working and personal lifestyle. Full-time or part-time employed dementia 
caregivers (i.e. about 60 per cent of all caregivers) had to make major changes to their 
work schedules: 65 per cent had to go in late, leave early or take time off and 20 per 
cent had to take a leave of absence (Alzheimer’s Association, 2013 ).  
                                            
3 Activities performed to fulfil basic needs (e.g. toileting, dressing and eating). 
4 Activities performed to live independently in a community (e.g. cleaning a room, preparing a meal 
and going to shop). 
 
“Specifically, family caregivers of people with dementia may experience greater 
risk of chronic disease, physiological impairments, increased health care utilization 
and mortality than those who are not caregivers. Forty-three per cent of caregivers of 
people with Alzheimer’s disease and other dementias reported that the physical 
impact of caregiving was high to very high” (Alzheimer’s Association, 2013 ). As 
people living with dementia generally require high levels of care (Brodaty and Donkin, 
2009), caring can be an overwhelming experience, bringing irreversible changes to 
lives and relationships (Alzheimer's Society, 2011).  
The impact of the built environment on dementia care outcomes 
Previous research has demonstrated: the importance of physical environments on the 
QoL of people living with dementia (Kovach et al., 1997; Lawton, 1997; Brod et al., 
2000; Day et al., 2000; Calkins, 2004; Reimer et al., 2004); and that physical 
environment design features can  be associated with quality of care, and behavioural 
and clinical outcomes (Kovach et al., 1997; Marshall et al., 1999; Day et al., 2000; 
Devlin and Arneill, 2003; Gitlin et al., 2003; Zeisel et al., 2003; Calkins, 2009). 
Research has related the built environment and its design features to most dementia 
related symptoms. Table IV below summaries evidence on the impact of specialist 
dementia care built environments on people living with dementia, including spaces 
and specific building elements, such as: lighting; way-finding elements; furniture; 
design layout; and sensory gardens.  
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Table IV. Evidence on the impact of specialist dementia care environment 
 
The current body of knowledge has limitations. Despite the available evidence 
about different needs of people living with dementia at different stages of the 
syndrome, there is lack of consideration of these stages and especially of the final 
stage in the design process (Fleming and Purandare, 2010). Furthermore, there is a 
little scientific research on the impact of the built environment on dementia caregivers, 
medical staff and visitors (e.g. families and carers) (Zeisel et al., 2003; Wood et al., 
2005), although their involvement is well demonstrated (Hall and Skelton, 2012). 
Claims that “much environmental research being inconclusive and limited in 
usefulness” (Wood et al., 2005) and “little being certain” (Fleming et al., 2008) need 
to be taken into account. These issues can be attributed to: (1) methodological 
challenges (e.g. small samples, types of setting, measurement of relevant outcomes 
and environmental features) (Kovach et al., 1997; Gitlin et al., 2003); (2) lack of 
discernment between the effect of environment and of staff treatment activities 
(Sloane et al., 1998); and 3) lack of consideration of the different stages of the disease, 
especially the final stage (Fleming and Purandare, 2010). For these reasons, and 
although, progress has been made during the last 30 years (Calkins, 2009), evidence 
on environmental strategies ability to impact positively on patients’ outcomes requires 
further work (Gitlin et al., 2003; Fleming and Purandare, 2010).  
The available tools to support, monitor and measure dementia care 
environments 
Quantitative tools have been used to monitor and measure dementia care 
environments, including: Multiphasic Environmental Assessment Procedure (MEAP); 
Therapeutic Environment Screening Survey for Nursing Homes (TESS-NH); and 
Professional Environmental Assessment Protocol (PEAP). Limitations have been 
identified with those tools, which do not focus only on the environmental aspects, but 
also require extensive knowledge and time to effectively rate the built environment 
and determine its quality.  
More recently, a new class of assessment tools has been developed: such as: the 
Environmental Audit Tool (EAT) by NWS Department of Health (Australia); and the 
Design for Dementia Audit Tool (DDAT) by the Dementia Services Development 
Centre (DSDC) at the University of Stirling (UK). Table V summarises the main 
components and limitations of these tools. 
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Table V. Quantitative tools relevant to specialist dementia care environment 
 
Most of the criteria or principles, considered in the above tools, are general and do not 
allow evaluation of specific impact and of the value of different interventions. The 
tools currently in use monitor and measure dementia care environments through a 
variety of factors. Among them there is a recognised focus on the built environment 
and a number of environmental aspects, in some occasions linked to the people 
clinical outcomes. As people living with dementia are increasing, along with a raise in 
direct and indirect costs of care, there is need to further develop these tools to promote 
sustainable capital effectiveness based on the socio-economic value of different types 
of dementia-friendly environments.  
UK response: the DH England National Dementia Capital Investment 
Programme 
The Programme and the case studies 
With the publication of “Living well with dementia: A National Dementia Strategy” 
(Department of Health, 2009), Dementia became a UK national priority, however, 
more needs still to be done as recognised in 2012, when the Prime Minister launched 
the “Challenge on Dementia”. To reduce future pressures on the NHS and social care 
providers without compromising the QoL of people living with dementia, the Prime 
Minister’s (PM) Challenge on Dementia identified three key areas: (1) driving 
improvements in health and care; (2) creating dementia-friendly communities that 
understand how to help; and (3) promoting dementia related research (Department of 
Health, 2012). This will remain among the UK top priorities for the next five years 
(Department of Health, 2015b). 
The NDCIP “Improving the environment of care for people with dementia” was 
announced in 2012, with a £50 million fund for the creation of custom designed care 
facilities for people with dementia in health and social care environments. The DH 
allocated: (1) £25 million to Local Authorities (LAs) working in partnership with 
social care providers; and (2) £25 million to NHS providers for 115 national pilot 
projects.  
These pilots were intended to promote service user well-being and foster dementia-
friendly environments to meet 14 potential core outcomes: 1) QoL; 2) dignity; 3) 
privacy; 4) independence; 5) therapeutic value of garden areas; 6) responsiveness 
dementia care providers; 7) nutrition; 8) cultural diversity; 9) provider’s ability to 
meet multiple complex needs; 10) comfort and safety; 11) stress and anxiety; 12) 
aggressive and disturbed behaviour; 13) slips, trips and falls; and 14) inequalities.  
Pilot projects: settings, spaces and building components  
The pilot projects included a large variety of settings and included ‘integrated’ 
projects, with physical interventions across different settings to integrate the care 
pathway across health and social settings: Figures 3a and 3b present the spaces; and 
Figures 4a and 4b present the building components that were implemented the most 
during the NDCIP. 
These provide a clear understanding of what interventions the health and social 
care sector considered as relevant to meet these outcomes. Although multiple spaces 
were included by the 115 pilot projects throughout the programme, the focus was on 
public spaces (in care settings), where people with dementia should spend most of 
their days to interact with others and keep their sensory, cognitive and physical 
functions active to improve their QoL.  
Interventions on gardens accounted for 50 per cent of the spaces chosen to 
implement dementia-friendly built environments by NHS case studies. Day areas and 
circulation spaces together with bathrooms resulted to have higher priority than 
bedrooms, which only account for 26 per cent of interventions. Less than five per cent 
of the pilot projects suggested end-of-life care rooms.  
Social care pilot projects confirmed the focus of project interventions on garden 
areas, which include indoors spaces such as patios, with a percentage of 75 per cent. 
Even though all other proposed interventions were less than 40 per cent, Figure 3b 
indicates the same priorities as in the NHS pilot projects: day areas, circulation spaces 
and bathrooms. The functional areas that were to be considered as well are 
therapy/activity spaces, dining rooms and sensory/reminiscence spaces. 
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Figure 3a and Figure 3b. Percentage of the space types for NHS and social care (LA) case studies 
from the DH Dementia Capital Programme 
 
Figure 4a and Figure 4b demonstrate the diversity of components that can be 
modified to create dementia-friendly environments. The most implemented building 
components by both the NHS and social care projects were: flooring finishes, colour, 
signage, lighting, artwork (i.e. NHS) and furniture (i.e. social care). In addition, 
significant innovations were recorded in the proposed use of technology and artwork.  
NHS pilot projects planned interventions on: flooring finishes, above 70 per cent; 
colour coding and signage, around 50 per cent; lighting and artwork, 45 per cent. 
Social care pilot projects proposed interventions to: flooring finishes, above 50 per 
cent; signage, above 60 per cent lighting and furniture, more than 45 per cent. Whilst 
a large number of projects aimed at improving the outdoors, as detailed in Figure 4b, 
a limited number of interventions were planned to make the external environment 
more accessible. 
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Figure 5a and Figure 5b. Percentage of the building components for NHS and social care (LA) case 
studies from the DH Dementia Capital Programme 
Results from the analysis of the impact of the built environment on care outcomes: 
lighting 
Forty-five per cent of NHS projects and 49 per cent of the social care projects 
proposed investments in lighting interventions (Department of Health, 2015a). The 
study recorded the impact of changes in lighting (e.g. type of light, colour of light, 
level of luminance, direction of lighting sources, reflection and diffusion, glare, 
system operability, flexibility of switching between different uses, and fixtures) on the 
QoL of people living with dementia. One of the pilot projects aimed at developing an 
exemplar physical environment for people with dementia and their carers in an acute 
hospital to support care delivery. The project implemented the use of: lighting, colour 
coding, reminiscence objects and dementia-friendly signage, while introducing social 
seating areas and activity rooms. The lighting interventions focused on introducing 
dynamic light-emitting diode (LED) lighting systems in all bed areas (i.e. private 
space) to simulate the natural circadian rhythm, which improves mood, behaviour and 
sleeping patterns in a 14 bedded older people medical ward. LED lighting systems 
and themed ceiling lighting were also introduced within corridors and activity rooms 
(i.e. public space). A 10 per cent reduction in falls compared to other medical wards 
over the first six months was recorded by the organisation. A significant decrease in 
the recorded number of slips, trips and falls was reported after February 2014, 
following the ward re-opening to the patients. By the end of the monitoring period, 
the recorded number of episodes stabilised at a relatively low value (i.e. less than 10 
falls) compared to the maximum achieved pre-project monitoring period (i.e. almost 
40 falls).  
Results from the cost analysis of the interventions  
Despite the maximum amount of money pilot projects were allowed to bid for to 
complete the physical interventions was £1 million per single application, there were 
14 out of 65 social care pilots and one out of 42 NHS pilots with bids under £50k. 
During the programme, each pilot project provided monthly data on the economic 
progress of their works. The Pilot Projects focused on interventions, which were 
rationalised in the following 14 core Design Features: 1) acoustics; 2) artwork; 3) 
ceilings; 4) colour; 5)  decoration; 6). doors; 7) fixtures; 8) flooring; 9) furniture and 
fittings; 10) lighting; 11) reminiscence hardware and software; 12) signage; 13) walls; 
and 14) windows and transparent panels. 
To determine on which components of the built environment the pilots projects had 
spent most of the awarded DH fund, a sample of 27 pilot projects (i.e. 12 NHS and 15 
social care), were analysed. These pilot projects were selected as they had reported 
the elemental cost breakdown per components of the built environment in a detailed 
way at the end of their projects. The amount spent by this sample on the components 
of the built environment was £4,029,459. From the analysis of provided data, it 
emerged that improving the quality and the appearance of the built environments for 
care was one of the main goals. Most of the awarded capital was spent on decoration, 
furniture, artwork, fittings and fixtures, as presented in Figure 5.  
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Figure 5. Percentage of the awarded sum spent on building components for NHS and social care (LA) 
case studies sample from the DH Dementia Capital Programme 
 
Sixteen per cent of the awarded sum was used to replace doors and improve 
lighting, which improve the safety performance (e.g. high visibility enhances 
independence and navigation) in addition to the quality of the built environment. A 
total of 10.5 per cent of the sum was spent to replace flooring, which highlights how 
issues related to safety are considered as high priority, and slips, trips and falls were 
one of the recorded performance indicators. Approximately seven per cent of the fund 
was used to introduce reminiscence objects (e.g. memory boxes and memory walls) 
and reminiscence pods within the built environment, and to integrate reminiscence 
software in the occupational therapy. 
Results from analysis of DH 14 core outcomes 
The pilot projects provided data on how each of the completed physical interventions 
(i.e. building component) supported the DH 14 core outcomes. NHS and social care 
pilots showed a moderate correlation in the way they ranked the 14 outcomes, which 
were not influenced by the amount awarded and spent on each project. Signage, 
colour coding and furniture were consistently upgraded by the NHS case studies as 
they recognised as being key elements of the built environment to meet all the 14 core 
outcomes. In particular: signage was identified as extremely relevant to “encouraging 
independence”; “promoting privacy”; and “promoting dignity”; and furniture has been 
related to “enhancing the physical environment to allow better nutrition”. The NHS 
organisations recognised the importance of colour coding to meet a larger number of 
the 14 core outcomes, including: “promoting dignity”; “encouraging independence”; 
“reducing stress and anxiety”; and “reducing slips, trips and falls”. 
 
Results from the King’s Fund Enhancing the Healing Environment toolkit 
In 2008, the DH commissioned to King’s Fund “Environments of Care for people 
with Dementia programme”, as part of the work to support the National Dementia 
Strategy. This programme assessed the completion of 26 projects in different types of 
hospital to improve the care environment for people affected by dementia and 
developed the EHE Environmental Assessment tool able to help organizations to 
design more supportive environments for people with dementia.  
As part of the selection process for the NDCIP, applicants were asked to use the 
EHE tool to identify and prioritise the areas that needed interventions to make the 
environment “dementia-friendly”. The way the EHE tool was used by some of the 
pilot projects indicates how this and the other available tools can be used, and paves 
the way towards more structured approaches to monitor and measure the impact of 
dementia-friendly care environments over the future. 
Discussion of results 
Dementia costs 
Despite the progress towards planned and controlled strategies and actions, the 
accuracy of data on dementia costs presents challenges. The literature suggested that 
only a limited number of studies have been so far capable to identify elemental costs 
in mono-thematic researches (e.g. flooring, and lighting). The NDCIP demonstrated 
how difficult can be to monitor cost interventions when a mechanism is not in place. 
The direct costs not always take into account: longer LoS in hospitals, due to 
consequences of injurious falls; frequent staff turnover; and inappropriate use 
medications. Besides, the indirect costs associated to informal care are hardly taken 
into account, because of the lack of knowledge.  
Dementia-friendly built environment: settings and spaces  
The built environment can be either the health or social setting, and over the long-
term it could become the home setting; thus there are a number of spaces in which the 
costs are more evident and a number of building elements to which these costs can be 
directly associated.  
The prevalence of spaces in which people are expected to spend most of their 
daytime (i.e. day and circulation areas) and of spaces which should allow them to an 
independent and dignified QoL (i.e. bathrooms) clearly demonstrated the importance 
of built environment impact on the quality of care of people with dementia. Evidence 
on the impact of gardens, courtyards and conservatories on the QoL of people living 
with dementia drove the NDICP interventions in the outdoor spaces, which accounted 
for 50 per cent.  
Dementia-friendly built environment: building components 
The analysis of the 115 pilot projects identified flooring, signage, lighting and colour 
coding, followed by artwork and furniture, as the building components as having a 
greater impact on people living with dementia. Those were successfully related to the 
14 DH’s core outcomes, demonstrating the strong correlation between specific 
building elements and physical well-being. It was not identified a substantial 
difference between the analysed sample of health (NHS) and social (LAs) care 
settings, which might suggest that the impact of the built environment on people 
living with dementia does not necessarily require a preliminary distinction between 
types of interventions in health (e.g. acute) and social (e.g. community) care settings.  
Impact of the built environment on QoL  
The projects’ cost data breakdown gathered during the NDCIP offered the opportunity 
to estimate some of these costs per building components, underlying the importance 
of safety and quality issues (e.g. flooring and lighting) together with elements of 
artwork and decoration, which enhance the well-being of people living with dementia.  
The analysed sample of 27 pilot projects demonstrated that decoration, furniture, 
flooring, artwork, fittings and fixtures, doors, and lighting were the building 
components on which the organisations mostly invested the awarded fund, as reported 
in Figure 7. All these interventions had a great impact on the QoL of people with 
dementia, in health and social care settings, opening up opportunities to create 
dementia-friendly environments, even in institutional settings, such as acute hospital 
wards. The impact of the built environment (e.g. lighting interventions) on care 
outcomes (e.g. falls related to dementia) can improve the QoL of people, who will not 
require admission to ED due to a fracture, who will require a shorter stay in hospital, 
who will be mobile enough to independently complete his/her ADL with dignity. If 
the built environment supports people living with dementia, the need for clinical 
treatments may be contained, thus reducing the overall dementia costs. 
Driving costs down through quality and safety 
It is fundamental to identify and prioritise interventions that can have real impacts on 
different users and deliver VfM to avoid escalation of the NHS deficit over the future 
years and to implement a more integrated health and social care delivery, which 
effectively and efficiently capitalises on the available resources and does not require 
unpaid work to look after the growing elderly population.   
The NDCIP has provided initial evidence that costs to deliver dementia-friendly 
built environments can be built into organisations’ strategies, so that cheaper 
interventions (e.g. artwork and furniture) can be supported by charities and/or 
investors, while more expensive interventions (e.g. lighting and flooring) can be 
planned into refurbishments. These investments on the built environment can be a 
viable opportunity to reduce direct health care costs (e.g. drugs and medications, 
hospital admissions due to falls) and direct social care costs (e.g. admissions to 
residential care, hours of day care). Also the impact of the purpose-built new 
environments on the quality of care and QoL of people living with dementia has 
instigated a progressive reduction on indirect costs (e.g. hours of unpaid care, 
lost/part-time employment, stress-related diseases) for the informal carers, as the 
people they care for have experienced calmer and safer environments, in which they 
are better enabled to live as closer as possible to their lifestyles prior to the on-set of 
dementia. Quality and safety of the built environment in which people with dementia 
live can contribute to reduce some of these costs (e.g. dementia-friendly flooring can 
reduce injurious falls). Nonetheless, a common approach is not in place yet to monitor 
and record those costs.  
 
Person-centred design approach 
The research has investigated the impact of the built environment on the QoL and 
wellbeing of people living with dementia. The NDCIP demonstrated how a national 
coordinated strategy can implement knowledge and skills at local level. The lessons 
learnt led to the definition of twelve design principles (Department of Health, 2015a) 
that respond to: sensory, cognitive, and physical impairments. The built environment 
can offer be-spoke solutions that can be cost-efficient for an individual organisation 
towards improving the QoL and wellbeing of a person who may have sensory 
impairments rather than another person experiencing physical impairments.     
A person-centred design approach can reveal solutions that may be advantageous 
to an organisation, in a specific context (i.e. site and space) and/or for a specific 
intervention (i.e. building component). Dementia-friendly built environments need to 
promote design principles (e.g. promote a safe environment; provide optimum levels 
of stimulation; and support orientation). This work intends to set a milestone in a 
design journey that requires further action. 
The environmental assessment tools  
The lack of supporting tools capable of linking the interventions on the built 
environment to the cost factor emerged from the literature review. The available tools 
to evaluate the impact of the built environment on people living with dementia are not 
yet able to quantify those cost savings nor indicate financial investment strategies.  
The gap identified in the current tools between dementia behavioural outcomes and 
the interventions on the built environment is a clear evidence that further research is 
needed to improve the existing methodologies and to integrate the cost factor, which 
is likely to guide all political, social and environmental policies not only in the most 
immediate future. The way in which the EHE tool has been used during the NDICP to 
identify and prioritise the areas that needed interventions to create dementia-friendly 
environments is a promising example that, even if the available tools are not able to 
quantify those cost savings, by improving the QoL of people living with dementia 
through built environment interventions it is possible to reduce the direct costs 
associated to health and social dementia care provision together with the indirect costs. 
Conclusions and recommendations 
Dementia presents a major challenge to the worldwide economy and action is required. 
Given its extensive scale and projection to increase over the next decades, reducing 
the costs associated to dementia care provision should be a priority for any country. 
Direct health and social care costs and indirect costs account for the current 
expenditure and greatly impact on the national economy, despite the lack of shared 
principles to identify those costs and record their economic value. Most people with 
dementia live in the community, with direct social care costs. However, there are also 
pressures on the direct health care costs, when people access EDs or stay in hospital 
for a higher number of days than those required by only their clinical conditions. 
Frequent staff turnover and inappropriate use medications in hospital settings add to 
those costs. Besides, the indirect costs associated to informal care are hardly taken 
into account, because of the lack of knowledge. Informal care poses additional 
economic pressures on the caregivers, as people living with dementia often require 
long periods of attention which also affect the QoL of the carers, determining a 
number of indirect costs not always evident.  
The variety of settings in which dementia care is provided and of spaces where 
people with dementia live and perform ADL and IADL requires an integrated 
approach that can respond to their impairments. The building components identified 
and analysed can offer be-spoke solutions to improve QoL and wellbeing of each 
person. The built environment can have a significant impact on the costs identified 
(e.g. reduction of falls; reduced re-admissions due to discharge to inappropriate step-
down facilities; and reduction in use of medications). Some of the interventions are 
relatively low cost (e.g. high contrast toilet seats; and visible signage), thus more 
easily implementable; others might bring higher costs (e.g. flooring and lighting), but 
they might be built in routine maintenance and avoid additional needs of resources.  
A specific building component of the built environment (e.g. lighting) can 
implement care outcomes (e.g. reduction of falls), thus improve QoL of people living 
with dementia. The available tools might not be enough supportive of a long-term 
strategy, and individually lack the strategic coherence of a flexible tool capable to 
guide the decision-making process of planning, developing and managing dementia-
friendly built environments. In this regard, environmental assessment tools can help 
the health and social care sector in planning future capital investment strategies and 
guide the decision making process. Gaps have been identified in the current 
knowledge to create dementia-friendly built environments: a) cost monitoring should 
include direct and indirect costs; b) systematic processes should be in place; and c) 
tools capable to address specific building components should be made available.  
This paper advocates a better understanding of where the impact of the built 
environment on direct and indirect care costs is most evident: to improve QoL of 
people living with dementia, and to help the health and social care sector develop 
evidence and decision support tools to enable effective and efficient long-term capital 
investment strategies. The NDICP offered the opportunity to demonstrate that a 
strategic and integrated response is possible, which may require joint efforts by 
different stakeholders and person-centred approaches with in-depth knowledge of the 
dementia condition. 
Limitations 
Although the research has taken in consideration available international literature, 
tools and guidance, additional work needs to be developed to fill the gaps identified 
throughout this study, between dementia care provision costs and costs of intervention 
on dementia care purpose-built environments and between dementia behavioural 
outcomes and intervention on dementia care environments. More systematic ways 
towards a rationalisation of what interventions should be advocated on the built 
environment are crucial to develop pro-active and timely solutions. Further 
investigation of what the options might be to mitigate the escalation of dementia care 
provision costs and how decision support tools can help the healthcare sector in 
planning future capital investment strategies is needed, given the current economic 
climate. 
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